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The Competition of Wild Oats With Wheat, Barley
and Oats for Phosphorus and Potassium 1
J.M. HALLOIN and THEODORE W. SumA 2
University of Minnesota, St. Paul
ABSTRACT - Wild oat plants attained the same heights, weights, and P contents when competing
with barley, wheal, oats, or other wild oats al both high and low nutrient concentrations. This
same relation was found in the K content of wild oats grown with barley and wheat, but wild oats
competing with oats contained less K than those competing with wild oats, and this difference was
accentuated with increased nutrient concentrations.
Barley plants grown in competition with wild oats or with other barley plants showed no effects of competitive interaction al either nutrient concentration.
Wheal and oats, like barley, showed no gross growth differences with competing species, but
,both wheat and oats contained more P and K when grown in competition with wild oats than
when grown under intraspecific competition. While this interaction was found al both nutrient concentrations, it was more pronounced al the higher one.

The overall competitive efficiency of various weeds
and small grains has been investigated by Pavlychenko
and Harrington ( 1934). The grain crops, in the order
of their observed competitive efficiencies, were barley,
rye, wheat, and oats; flax was less competitive than oats.
The two competitive weeds were Brassica arvensis L.
and Avena fatua L. The authors concluded that the high
competitive efficiency of wild oats (A. fatua) was accounted for by its extensive root system.
Competition studies have indicated that fertilization
does little to alter the balance in yield between wild oats
and the small grain crops. The wild oat is among the
most efficient weeds in its competition with small grain
crops. The order of overall competitive efficiency in the
small grains is barley first, followed in decreasing order
by rye, wheat, and oats; flax is less competitive. Fertilization in the field to obtain greater grain yields gives a corresponding increase in the yield of wild oats.
The small grain crops vary in their abilities to compete
with wild oats. Since nutrient competition may be a factor in the competition of small grains and weeds, a series
of experiments was designed in which wild oats were
grown in competition with barley, wheat, and oats, with
the competition limited to the single factor of nutrient
competition, to determine whether any differences exist
in the abilities of the small grain species to compete with
wild oats for nutrients, such as that found for quackgrass
in competition with oats and alfalfa.
Materials and Methods
Plant Materials

The plants used were wild oats (Avena fatua L.),
wheat (Triticum aestivum L. Selkirk), barley (Hordeum
vulgare L. traill), and oats (Avena sativa L. "Ajax").
1
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Nutrient-Solution-Exchange Apparatus

The experiments were conducted in a greenhouse on
a nutrient-solution-exchange apparatus designed by Lambert. This apparatus consisted of two stationary tables
placed on opposite sides of a third table that is connected
to a hydrau1ic cylinder and moves up and down with a
14-in. stroke. The speed of the motion was adjusted so
that the table top was raised and lowered approximately
1,000 times per 24 hours. The stationary tables were
constructed so that they were 7 in. higher than the moving table at the bottom of its stroke, and 7 in. lower at
the top of its stroke, thus allowing the solutions to flow
by gravity to interconnecting pots.
Each test unit consisted of a system of three I-quart
styrene containers. Two containers were prepared for
plants and the third served as a reservoir to increase the
nutrient solution capacity of the system. Into each plant
container was placed 400 g of washed, dried gravel ( ca.
5mm diameter) and 800 g of 8-mesh, washed, dried
quartzite. The entire system then was washed with tap
water and rewashed with distilled water before it was
connected to the reservoir container. Reservoir containers were left empty but were covered with aluminum foil
to exclude light and to reduce algal growth. Fifteen seeds
were planted in each plant container and covered with
125 g of quartzite; 500 ml of distilled water was put into
each reservoir container. After one week, the seedlings
were thinned to 10 per container.
Containers with plants were fitted with glass-tube sidearms, which provided an easy means of ascertaining the
levels of solutions within the containers. The two plant
containers were placed adjacent to each other and joined,
through their bottoms, to a "Y" tube by 1-ft. pieces of
blackened, plastic tubing. The reservoir container was
connected, through its bottom, to the "Y" tube by a 3-ft.
piece of plastic tubing as above. The "Y" tube then was
wrapped with aluminum foil to exclude light and to decrease algal growth.
The containers were placed on the nutrient-solutionexchange apparatus in such a manner that half of the
plant combinations were on the stationary tables with
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their reservoirs on the moving table, and half were on
the moving table with their reservoirs on the stationary
tables. As the table moved up and down, nutrient solutions from both plant containers and the reservoir were
exchanged and the root systems were aerated.

TADLE I. Height, weight , and P and K contents of wild oat
plants grown in competition with wild oats and grown with
wheat at 2 nutrient concentrations.
Plant combination and nutrient
concentration

Wild Oats
with

Wild Oats

Procedure

The competition for minerals between wild oats and
each of the three crop plants, wheat, barley, and oats,
was studied separately. Each experiment was complete in
itself and consisted of treatment at 2 nutrient concentrations and 3 replications.
Half of the combinations were supplied with 275 ml
of basic Hoagland's solution one week after planting, and
an additional 50 ml at intervals of 2, 3, 4, and 5 weeks
after planting, making the total of 4 7 5 ml. These treatments are referred to henceforth as IX treatments. The
other half of the combinations were supplied with 475
ml of basic Hoagland's solution, as described above; in
addition, they were supplied, at intervals of 2, 3, 4, and
5 weeks after planting, with supplemental solutions of
ammonium nitrate, sodium phosphate, and potassium
sulfate, bringing the N, P, and K concentrations of these
treatments will be referred to henceforth as 5 X treatments.
Preparation of Plant Materials and Mineral
Analyses

Plants were harvested six weeks after planting. At that
time, heights were measured and roots were washed free
from sand and separated from the shoots. Roots and
shoots then were dried at 105 C, weighed, and ground in
a Wiley mill to pass a 40-mesh screen. One-half gram
samples then were wetashed with 5 ml of nitric acid and
2 ml of perchloric acid and brought to dryness. The
white salts then were dissolved in 2 ml of hydrochloric
acid and brought to a volume of 100 ml in a volumetric
flask with double-glass-distilled water.
The soluble phosphate content of the plant ash solutions was measured by Fiske and Subbarow's ( 1825)
method using a Colman Jr. spectrophotometer set at 660
mu.
The K content of the plant ash solutions was determined by a Beckman Model Du spectrophotometer with
an oxygen-acetylene flame attachment. Transmittance
was measured at a wave length of 766.5 mu.
All data were analyzed by means of factorial analyses
of variance.
Results and Discussion
Effect of Competition on Wild Oats and Wheat

No significant differences were noted in height or
weight between wild oats grown with wild oats, and those
grown with wheat, at either the IX or the 5 X nutrient
concentrations, although real differences occurred between the two nutrient concentrations, observable on all
factors except root weight These results are presented in
Table 1.
No significant differences were found between the P
and K contents of wild oats grown with wild oats and
128

Height, cm . . . . . .
Shoot , g ........
Root, g .........
Total, g . . . . . . . .
P-Shoot, mg .. .. .
P-Root, mg . ....
P-Total, mg .....
K-Shoot, mg ... .
K-Root , mg .....
K-Total, mg .....

sx

IX

Observation

45
1.39
0.76
2. 15
6
2
8
37
6
43

70
3.45
0.98
4.44
33
7
40
119
!4
133

Wild Oats
with
Wheat

IX

5X

40
1.00
0.74
1.74
6
2
8
31
IO
41

61
3.16
I.IO
4.16
33
6

40
125
14
139

LSD
5%

II
1.17
0.40
1.21
9
3
10
36
9
35

those of wild oats grown with wheat (Table 1). Large
differences occurred between the 2 nutrient concentrations, however, although no differences were found in
the K contents of the roots. In all cases, the roots had
much lower P and K contents than the shoots. Wheat
plants grown in competition with wheat and with wild
oats, at two nutrient concentrations, attained equal
height, regardless of the competing species or the nutrient concentration (Table 2). However, plants grown
at the higher nutrient concentration were heavier because
of increased size of the shoots, while little difference existed between root weights at the two nutrient concentrations. Competitive combination resulted in no differences
in weight at either nutrient concentration.
TABLE 2. Height, weight and P -and K contents of wheat plants
grown in competition with wheat and with wild oats at
2 nutrient concentrations
Plan! combination and nutrient
concentration

Wheat

Observation

Height, cm . . .. . .
Shoot , g . . . . ' . . .
Root, g . . . . . . . . .
Total, g ..... . . .
P-Shoot, mg . . ...
P-Root. mg . . ...
P-Total, mg . . ...
K-Shoot, mg .. ..
K-Root, mg .. ...
K-Total , mg . ....

lX

54
2.48
1.35
3.83
7
2

9
50
8
57

Wheat

with

with

Wheat

Wild Oats

SX

61
3.5 I
2.04
5.55
26
9
35
119
21
140

IX

sx

LSD
5%

60
2.94
1.25
4.19
10
3
12
63
7
70

60
4.50
1.56
6.06
41
7
48
155
18
173

8
I. 15
0.79
1.29
7
2
7
20
7
20

Consistent differences in P and K contents of plants
were found between the different treatments (Table 2).
Quantities of both elements were significantly greater in
the 5X nutrient treatments than in the IX, both in the
shoots and roots. There were no differences between
wheat plants grown with wheat and those grown with
wild oats at the IX concentration, but wheat plants
grown in competition with wild oats at the 5X nutrient
concentration contained 48 mg of P and 173 mg of K,
while those grown with wheat contained only 35 mg of P
and 140 mg of K. These differences were confined to the
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foliage. While the differences at the IX concentration
were not significant, the trend was the same as at the 5X
concentration.
Effects of Competition on Wild Oats and Barley
Wild oat plants grown in competition with wild oats
and with barley, at two nutrient concentrations, were
measured and weighed (Table 3). No significant differences occurred in height, shoot weight, root weight, and
total plant weight between wild oats grown with wild oats
and those grown with barley, at either the lX or the 5X
nutrient concentration. In all four factors, however, highly significant differences were evident between plants
grown at the two nutrient concentrations; plants at the
higher concentration were taller and heavier.
TAD LE 3. Height, weight and P and K contents of wild oat plants
grown in competition with wild oats and with barley al
2 nutrient concentrations.
Plant combination and nutrient
concentration

Wild Oa ts
with
Wild Oats
Observation

Height, cm . . . . ..
Shoot, g . . . . . . . .
Root , g . ... .. ...
Total , g . . . . . . . .
P-Shoot, mg
P-Root, mg .... .
P-Total, mg ... ..
K-Shoot, mg . . . .
K-Root, mg . . . ..
K-Total, mg .. . . .

IX

47
2.13
0.90
3.03
8
2
IO
48
7
55

5X

77
6.54
1.95
8.49
52
5
57
134
11
144

Wild Oa ts
with
Barley

IX

5X

LSD
5%

43
1.74
0.93
2.67
7
2
9
44
8
51

81
6.45
1.81
8.26
54
7
61
130
9
139

6
0.74
0.28
0.59
4
2
5
13
4
13

The P and K contents of plants (Table 3) followed
the same general pattern as the height and weight values,
with no differences existing between the wild oats grown
with wild oats and those grown with barley at either nutrient concentration. The only exception to this pattern
was a small difference in the P contents of the roots at
the 5X nutrient concentration with roots of wild oat
plants grown in competition with barley containing more
P than roots of wild oat plants grown with wild oats.
This difference, however, was not enough to cause a significant difference in the total P contents of these plants.
There was significantly more P and K in plants grown in
the 5X solutions than in those grown in the IX solutions,
but no differences were found in the roots in either P or
K contents among the four treatments.

Barley .-There were no differences in height or weight
between barley plants grown with badey and those
grown with wild oats at either nutrient concentration for
height, shoot weight, root weight or total weight (Table
4). Plants grown in the 5X solutions, however, were
significantly taller and heavier, both in shoots and roots,
than plants grown in the IX solutions.
Plants grown at the 5X nutrient concentration had
more P, both in the shoots and in the roots, than those
grown at the IX concentration, but no differences were
noted in P content between barley plants from the two
Journal of, Volume Thirty-four, No. 2, 1967

TABLE 4. Height, weight and P and K contents of barley plants
grown in competition with barley and with wild oats
at 2 nutrient concentrations.
Plant combination and nutrient
concentration

Barley
with
Ba rley
Observation

Height, cm
Shoot, g . . . . . . . .
Root, g .. . .. . .. .
Total, g . .. .... .
P-Shoot, mg . .. . .
P-Root, mg . . .. .
P-Total, mg . .. . .
K-Shoot , mg .. ..
K-Root, mg . . . . .
K-Total , mg .. . . .

Ba rley
with
Wild Oats
5X

IX

32
1.65
0.90
2.55
9
I
IO
48
9
58

59
6.80
2.01
8.81
51
8
59
142
IO
152

IX

sx

LSD
5%

38
1.98
1.03
3.01
IO
2
10
55
8
63

58
7.27
2.13
9.40
51
7
57
157
9
166

6
0.65
0.52
0.91
9
I
9
15
4
14

competitive combinations at either nutrient concentration
(Table 4) . Potassium contents were higher in shoots of
plants grown in the 5X solutions than in those grown in
the IX solutions, but there was no difference attributable
to a difference in the competing species.
Effects of Competition on Wild Oats and Oats
Wild Oats.-The results presented in Table 5 show no
significant difference in either height or weight of wild
oat plants, which could be attributed to a difference in
competing species, at either the IX concentration or the
5X nutrient concentration . Plants grown at the 5X nutrient concentration were consistently taller and heavier
than those grown at the IX concentration, although there
were no significant differences in the root weights produced at these two nutrient concentrations.
No differences occurred in P contents at either the IX
or the 5X nutrient concentration due to a difference in
competing species as the roots and shoots of wild oats
grown in competition with other wild oats contained as
much P as those of wild oats grown in competition with
oats. Plants grown in the 5X solutions contained more P
in both their shoots and roots than did those grown in
the IX solutions. A significant difference in K content,
due to a difference in competing species, was found at
TABLE 5. Height, weight and P and K contents of wild oat plants
grown in competition with wild oats and with oats at 2
nutrient concentrations.
Plant co mbination and nutrient

concentration

Wild Oats
with
Wild Oats
Observation

Height, cm . . . . ..
Shoot, g ... . . ..
Root , g .. . ... . ..
Total. g . . . . . . . .
P-Shoot, mg
P-Root, mg
P-Total, mg
K-Root, mg .... .
K-Total, mg .. ...
K-Total , mg . . ...

IX

47
1.19
J.08
2.27
7
3
10
38
11
49

5X

75
3.35
1.22
4.57
39
9
48
149
18
167

Wild Oat s
wi th
Oats
IX

5X

LSD
5%

46
1.06
1.02
2 .08
7
3
10
36
12

77
3.01
1.24
4.25
37
9
46
125
13

4
0.5 I
0.29
0.59
5
3
5
15
5

48

138

18

129

the 5X nutrient concentration. Wild oats grown with
wild oats contained 167 mg of K, while those grown with
oats contained only 138 mg, but there was no difference
at the IX concentration. This difference was shown to
be confined to the shoots, and did not occur in the roots.
In all cases, the plants grown in 5X solutions contained
more K than those grown in IX solutions.
Oats.-No differences were produced in either height
or weight, as a result of a difference in the competing
species, at either of the two nutrient concentrations. All
plants grown in the 5X solutions were taller and heavier
than those grown in the IX solutions. In spite of the fact
that plants grown in the 5X solutions were heavier than
those grown in IX solutions, there were no significant
differences in the weights of their roots: the differences
were apparent only in the shoots. These results are presented in Table 6.
TABLE 6. Height, weight and P and K contents of oat plants
grown in competition with oats and with wild oats at 2
nutrient concentrations.
Plant combination and nutrient
concentration

Oa ts
with
Oats
Observa tion

Height, cm . . . . ..
Shoot, g . . . . . . . .
Root , g . . . . . . . . .
Total , g .. .. . . ..
P-Sboot, mg ... . .
P-Root, mo .....
"' .....
P-Total , mg
K-Shoot, mg . .. .
K-Root, mg .... .
K-Total, mg . . . . .

IX

50
2..03
0.92
2.95
9

2
11
50
4
53

References

Oats
with

Wild Oats

5X

70
4.25
1.38
5.63
51
6
56
158
9
167

IX

5X

45
2.00
1.35
3.35
9
2

75
4.67
1.26
5.93
61
7
68
206
10
216

12

53
5
58

LSD
5%

5
0.79
0.57
I. 12
8
I
8
27
7
19

The P and K contents of the oat plants are listed in
Table 6. The P contents of both the shoots and the roots
were significantly higher in both of the 5X treatments
than in the IX treatments. Within the 5X treatment, oat
plants grown in competition with wild oats contained 68
mg. This difference was restricted to the shoots. The K
contents of the oat plants had nearly an identical relation
among treatments to that of the P contents with the only
exception being no difference between the IX and 5X
treatments. Oat plants grown in competition with oats
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contained 167 mg of K and those grown in competition
with wild oats contained 216 mg.
Wild oats attained approximately the same heights and
weights when competing with other wild oats or with one
of the three small grain crops. Wild oats grown with
other wild oats or with wheat or barley contained the
same amount of K but contained less K at the high nutrient level.
Wild oats and barley were about equal to each other
in their abilities to compete for P and K, as no effects of
the competitive interaction appeared. Wheat and oats appeared to have a competitive advantage over wild oats in
competition for P and K. These results appeared to be
in contrast to those of Pavlychenko and Harrington
( 1934). However, they evaluated overall competition
while this study evaluated only competition for nutrients.
Just as results of field experiments cannot be attributed
to any single factor as pointed out by Rademacher et al.
(1961), results of water and sand culture experiments
are not directly transferable to field conditions.
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